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Leukemia is the second most common cancer in children under 1 years of age after neuroblastoma. Both acute lymphoblastic leukemia (ALL) and acute myeloid leukemia (AML) can be observed. Although ALL is almost four times more frequent than AML in childhood, incidence among infants is very close. 1 In the United States of America every year 160 new patients are diagnosed with leukemia during the infancy period and 90 of them are ALL while the other 70 cases are AML. [2] [3] [4] Even though survival rates and treatment protocols do not differ with age for AML patients, survival rates among childhood ALL and infant ALL quite differ. Over the past 30 years' great progress has been made in the treatment of ALL of childhood. It is expected that eighty-five percent of the patients will be cured. Despite improved survival rates of childhood ALL, infants with ALL still have a worse prognosis and only half of the patients will survive. 5 The largest infant ALL trial to date, Interfant-99 study included 482 infant ALL patients from 22 countries and achieved a 4-year event-free survival (EFS) of 47% and survival of 55%. 6 That is why infant leukemia biology and treatment is an important research topic.
Infant lymphoblastic leukemia has a unique pattern with aggressive clinical and biological features. Some risk factors reported are white race, female gender, high birth weight (>4kg),
The Turkish Journal of Pediatrics • May-June 2019 maternal use of drug and alcohol during pregnancy, radiation and solvent exposure, dietary intake of foods that act like natural DNA topoisomerase II inhibitors. 7, 8 Also the risk is increased for the twin sister or brother of a monozygotic twins diagnosed with infant leukemia because it has been shown that the onset of leukemia in infancy suggests a prenatal leukemogenic event, the occurrence of a single in utero leukemogenic event in one twin with generation of a clone can be passed to the other fetus by intraplacental metastasis 1 .The mixed lineage leukemia (MLL) gene rearrangements located on chromosome band 11q23 is the most important biological feature of infant ALL and accounts for 80% of the cases and distinguishes infant leukemia from childhood leukemias. 9 Also CNS involvement (14%) and leukemia cutis (50%), hepatosplenomegaly and hyperleukocytosis (WBC>100000/ mm 3 (58%)) are much more frequently observed than in childhood leukemia. The immunophenotype of the infant leukemia blast cells are usually very young precursor B cells with CD34 and CD19 positivity and CD10 negativity (54%) and myeloid antigen coexpression (28%) can be observed more frequently than childhood leukemia.
In this study, we aimed to retrospectively evaluate the clinical and laboratory findings with treatment outcomes of our infant ALL patients
Material and Methods
Between 1 January 2008 and 1 January 2018, 210 patients were diagnosed with ALL at Hacettepe University, Pediatric Hematology Department. The study included 13 of them who were diagnosed under one year of age. ALL diagnosis was based on morphology, cytochemistry and flow cytometric immunophenotyping of bone marrow aspirate. The age, gender, signs and symptoms, laboratory assessment at diagnosis (leukocyte, hemoglobin, and platelet counts); CNS involvement; immunphenotype (B or T derived); treatment response; hematopoietic stem cell transplant (HSCT); relapse rate, time of follow-up were the analyzed variables (Table  I) . Data were collected from the hospital medical records.
The study protocol was approved by Hacettepe University Faculty of Medicine, Ethical Committee via the decision no. HEC 12/87-41.
Results
The incidence of infant leukemia was found to be 6% (13/210) among all of our leukemia patients. There were nine boys and four girls with a median age of 7 months (range 1-12 months) and 9 out of 13 (69%) were older than 6 months of age at the initial diagnosis. Interestingly 2 of 3 siblings born from spontaneous triplet pregnancy were diagnosed at the same time when they were 7 months old while the other sibling was diagnosed 4 months later when he was 11 months old. Physical examination revealed hepatosplenomegaly in 12 out of 13 patients and 1 patient had extramedullary involvement with subcutaneous nodules on the forehead.
Immunophenotyping revealed CALLA+ B cell leukemia in 4 patients, CALLA-B cell in 7 patients and T cell leukemia in 2 patients. Cytogenetic analysis showed t(4;11) positivity in 5 patients and 3 of them were the spontaneous triplets. Cerebrospinal Fluid were positive with blasts in 2 of the patients and traumatic for 4 patients.
Ten patients (76%) were treated with Interfant protocols (Interfant 99 (n=4), Interfant 06 (n=6)) and 3 patients received Modified St. Jude Total XV protocol because they had been diagnosed when they were 11 or 12 months old. Relapse was observed in 4 patients.
HSCT was performed in five patients from matched related donor (n=2), mismatched related donor (n=1), and matched unrelated donor (n=2). Relapse after HSCT was observed in 2 patients 3 and 4 months later; one of them continued with a second transplantation and survived. At the end of the follow-up period three of the five patients who had HSCT survived 91, 56, 32 months after the initial diagnosis. After a median of 29 months (range 3-91 months) follow-up period, 6 patients (%46) were alive and in remission; 3 after HSCT and 3 with chemotherapy without HSCT. 
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Discussion
Even though childhood leukemia is more frequently observed in boys, infant leukemia is known to be more common among girls 1 . But in our study, we had 13 patients and only 4 of them were girls (30%).
The occurrence of a single in utero leukemogenic event in one twin with generation of a clone is passed to the other fetus by intraplacental metastasis. 1 Two of the siblings of the triplets with infant leukemia in our study were diagnosed with CALLA negative, t(4;11) positive B cell ALL when they were 7 months old. The third sibling who is the only one who survived among the triplets was diagnosed at the age of 11 months with CALLA positive, t(4;11) positive B cell ALL.
It is known that the biological and clinical features of patients diagnosed under the age of 6 months are more aggressive. 10, 11 The age at diagnosis was 6 months or under in 4 (30%) of our cases which all of them deceased.
Infant leukemia patients usually present with hepatosplenomegaly and extramedullary involvement 1 .
Physical examination of all patients except one, revealed hepatosplenomegaly and 1 patient also had leukemia cutis.
Leukemia in children under one year of age usually presents with hyperleukocytosis. White blood cell count (WBC) >50000/ mm 3 accounts for 66% and WBC>100000/ mm 3 accounts for 34% patients. 12, 13 Our study showed 84% (11/13) of our patients had WBC>50000/mm 3 while 76% (10/13) of our patients had WBC>100000/mm 3 at the time of diagnosis. The incidence of CNS involvement at the time of diagnosis in childhood ALL is 1.5% but it is much more common in infant leukemia. It is reported 14% in BFM group and 9% in Interfant 99 protocol. 14 The high frequency of CNS involvement is another poor prognostic indicator for infant leukemia. 15 In our study 2 patients were CNS positive while 4 patients had traumatic lumber punction.
Blastic cells are in precursor B cell phenotype for most of the infant leukemia patients. 16 In our study we observed precursor B cell phenotype in 11 of the 13 patients while only 2 patients had T cell derived blastic cells. T cell phenotype is associated with more aggressive figure in EFS and overall survival (OS). 17 But in our study, 2 patients with T cell leukemia were in remission at the end of the follow up period, 56 and 39 months after diagnosis.
Precursor B cell phenotype can be associated with CALLA positivity or negativity 1 . Most of our infant ALL patients (7/13) had CALLA negative precursor B cell phenotype consistent with the literature. Four of the patients were CALLA positive B cell phenotype.
CALLA positive B cell leukemia patients are known to have better prognosis compared to patients with CALLA negative B cell phenotype and T cell phenotype. 1, 2 In our study we observed that 3/4 of the patients with CALLA positive B cell leukemia and 5/7 of the patients with CALLA negative B cell leukemia were deceased.
Myeloid antigen positivity is also more frequent especially for CALLA negative B cell phenotype. 1, 2 We had only one patient with myeloid antigen positivity and he was in remission at the end of the follow-up period.
MLL rearrangement is associated with poor prognosis 1,2 , 5 patients were found to have t(4;11) in our study and 3 of them were the triplets. Only one (one of the triplets who was diagnosed later) survived among them.
Patients with infant leukemia respond well to chemotherapy but relapse occurs for almost half of them in one year. 1, 2 Relapses involve bone marrow in 80% of cases, the CNS in 30% and the testes in 8%. 1, 2 Relapse occurred in four of our patients and one of them was CNS and bone marrow relapse and the other 3 were bone marrow relapses.
Five patients received HSCT in our study and all of them were treated with Interfant 06 protocol prior to HSCT, 3 of them were t(4;11) positive and the other 2 were prednisone poor responders. Two of the patients with t(4;11) deceased while 1 patient with t(4;11) and 2 patients with prednisone poor response survived at the end of the follow-up period. HSCT is recommended for high risk patients
Infant Lymphoblastic Leukemia in some trials but the occurrence of relapse after HSCT is common as well. Two patients relapsed after HSCT and they were both t(4;11) positive and the one who was CALLA positive survived after the second HSCT and the one who was CALLA negative deceased. So it is important to determine the group of patients who will benefit from HSCT.
Overall the prognosis is poor and international collaborative studies reported that 4 year EFS rates were between 28-54%. [18] [19] [20] Our patient group is small but the survival rates among patients who did (3/5) (60%) and did not receive HSCT (2/8)(25%) in our study group suggests that bone marrow transplantation seems to be a good and efficient choice of treatment. However, there is still an important issue concerning deciding which patient should undergo transplantation and more studies with larger patient groups are needed to reevaluate the eligibility criteria for HSCT in this group of patients.
